Experiments with colloidal suspensions of oil and iron oxide at equilibrium show that the buoyancy of the suspended particles is additive to the osmotic pressure and that the relation remains with the free surface and not with the membrane. The experiments contribute to the general concept that osmotic pressure is caused by the dispersal pressure of solute molecules and that the osmotic interaction with the water at equilibrium is due solely to a coupling at the free surface.
When a semipermeable membrane stops the advance of diffusing solute molecules, it becomes stretched by the dispersal pressure. Similarly, when the solute is stopped by a free surface, balance of forces maintains the water under a negative pressure that is equal and opposite to the dispersal pressure. This lowers the vapor pressure according to Poynting's relation (1) and is the essence of osmotic phenomena (2, 3) . From this point of view it follows that any factor which influences the dispersal pressure in addition to nRT will change the colligative properties. Such effects may be induced by electrostatic, magnetic, and gravitational forces, and they are common in colloidal solutions through interaction between the particles themselves. Thus, when a colloidal suspension loses water the dispersal pressure greatly accelerates by simple mechanical crowding. Similarly, when the particles are repelled by charges or undergo conformational changes that involve their size, it will have a sensitive readout in the water tension.
We demonstrated recently that the osmotic pressure of a colloidal magnetic solution relates to the free surface, not to the membrane. A magnetic field which pulled the colloidal particles toward the free surface increased the osmotic pressure, whereas a field pulling the particles toward the membrane lessened or even eliminated it. It was shown that the magnetic vector was directly additive to the osmotic pressure (4). We report here on the effect of acceleration on colloidal suspensions with either positive or negative buoyancy. METHOD The osmometer (Fig. 1) consists of a dialyzing membrane which is stretch-mounted (5) at the bottom of a 21-cm deep cup A. The rigidity of this mounting permits measurements of a few centimeters of water above or below ambient with an accuracy of ± 1 mm of water. Thermal disturbances are small because of the minute volume between membrane and meniscus. The cup is mounted in a pivot arrangement B so it can be inverted around a horizontal axis C-C, which is exactly in line with the free surface. The cup is filled to the rim and the surface is covered with a thin film of Saran wrap, which is clamped down by a ring and a rubber band D. This vapor-1569 tight film rests loosely on the surface, exerting no force on it. When the column is turned upside down, rigidity of the cup and cohesion of the fluid always maintain zero (ambient) fluid pressure at the surface, irrespective of the water tension in the solution.
The bottom of the osmometer is connected with a capillary E, which is lined up with the axis of rotation, and a simple water monometer (not shown in Fig. 1 ) balances the pressure. The meniscus is contrasted with a black and white strip of paper behind it and is read by a travelling microscope. All manometer readings are corrected for a capillary blank E. When the system is charged with water and inverted, one observes a slight displacement of the meniscus due to twist in the connecting tube, but the balancing pressage remains the same, within a fraction of a millimeter. Experiments with light colloidal suspensions When "soluble oil" (Standard Oil Co.), density 0.92, is mixed with water it forms a milky suspension which shows vigorous Brownian motion and does not visibly separate at 20 X g. Six different suspensions were used, the proportion of oil being varied between 20 and 50% by volume. pears. The cup is returned to the upright position, the manometer is reset to Pi and balanced for 10 min, and the sequence is repeated. RESULTS In Fig. 2 are given the results with three different suspensions. It will be seen that the osmotic pressure is greater in the upright position than in the inverted position. With the free surface facing up, the buoyant force of the suspended particles adds to the thermal dispersal pressure and lowers the hydrostatic pressure of the water accordingly. With the surface facing down, the buoyant force subtracts from the dispersal pressure and the partial pressure of the water becomes less negative. With the cup in the horizontal position (middle panel), the buoyant forces directed toward or away from the free surface is zero, leaving the osmotic pressure such as it would be in an orbiting laboratory. A shallow layer of suspension over the membrane gave a similar figure.
It will be seen from Fig. 3 that there is a near proportionality between the buoyant force and the concentration of oil in the suspensions, and it is hardly a coincidence that the buoyancy of the suspended particles is close to that which one may calculate from bulk oil contained in a cylinder twice the height of the cup. So, as in previous, magnetic experiments, it seems that a known experimental vector adds directly to the osmotic pressure by coupling at the free surface.
Experiments with a heavy colloidal suspension We are using the same colloidal solution as described in our magnetic experiments (4) . The suspended material is a heavy iron oxide which gives a density of 1.08 to the suspension. As expected, it was found (Fig. 4) that the buoyancy effect was opposite to that in the oil suspensions. Thus, when the osmometer was turned with the surface facing down, the osmotic pressure increased, i.e., the buoyancy vector added to the thermal dispersal pressure. Again we see that the osmotic effect relates to the free surface and not to the membrane.
CONCLUSIONS
Experiments with colloidal suspensions of particles with positive or negative buoyancy demonstrate that the osmotic pressure is always uniquely related to solute pressure acting against the free surface and bears no direct relation to forces acting on the membrane. This is supported by magnetic experiments (4); the other side of the coin, namely gravitational independence of the solvent has been separately verified (2) .
In accord with the classical studies by Perrin on the Brownian motion (6) we may conclude that osmosis in general is driven by the dispersal pressure of solute molecules which, through impact with the free surface, lowers the hydroProc. Nat. Acad. Sci. USA 68 (1071) lw 9 static pressure of the solvent. Translational solute-solvent interaction (drag) belongs uniquely with osmotic flux and disappears when the system arrives at equilibrium, whether or not this entails gravitational or other concentration gradients.
